Editorial Note: Parts of this peer review file have been redacted as indicated to maintain the
confidentiality of unpublished data.

Reviewer #1 Comments to the author:

The present manuscript took as a starting point of investigation of the association between DR
and H2S production in CGL WT and KO mice. As a result, they found that DR and genetic
manipulation of CGL levels affect H2S production in a tissue specific manner. Then, they adapted a
previously described proteomic approach (Gao, et al, Elife. 2015) to generate the first mouse
tissue ‘sulthydrome’ atlas perturbed with dietary restriction using the same mice models. Overall,
the work is interesting and the experiments for such a large-scale proteomic analysis are
properly designed. However, the scientific accuracy, as the work currently stands, may not meet
high standards for this journal. In order to elevate this work to the level of Nat Commun, I would

suggest that the authors consider and address the following points.

H2S measurement

- Although lead acetate is a simple and widely used way for measuring HzS production, it
provides only semiquantitative data (Image] data in this case), and the sensitivity is
quite low. Also, it seemed that the authors did not use a blank solution (e.g. PBS buffer
made for the assay) for background correction. In terms of this, the results shown in
Figure 1 is not very trustworthy.

- There is a lack of correlation between the H2S production and SSH formation affected by
DR. Specifically, a number of persulfidated proteins were enriched in brain and muscle
under DR (Figure 2D), whereas DR had little impact on H2S production in brain and
muscle (Figure 1 G and H). The authors provide an explanation for such unexpected
findings in the Discussion part. However, in line with the point above, this could be
simply caused by inaccurate measurements.

Chemical labeling

- It is totally fine to apply NEM-biotin as the alkylating reagent (this warhead can also react
with redox modifications, but this limitation can be avoided as the authors mentioned in the
discussion part). The concentration of NEM-biotin used in this study was only 343 pM to
achieve relatively selectivity of protein persulfides. However, if protein thiols cannot be fully
alkylated or blocked, a large number of artifactual disulfide bonds might be formed across
the proteome during sample handling. One can imagine the case shown in the following
scheme, in which a non-‘sulfdyrated’ protein B could also be co-captured with a ‘sulfdyrated’
protein A using the BTA approach. The authors also discuss such a methodological limitation
but claimed that false positive caused by such a limitation may be minor. Can they provide
any experimental evidence to support this claim?
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Identification and quantification of ‘sulfdyrated’ proteins

The SSH profiling method used in this study was adapted from a previous report by Gao
and colleagues. In a technical aspect, therefore, the novelty of this work was
compromised. Moreover, as compared to its original version that enabled a site-level
analysis, the present work by Bithi et al, failed to do so.

Though out of “fashion”, DDA-based label-free quantification is still widely adopted in
the field of proteomics, especially for measuring changes in protein expression across a
number of biological samples. As compared to a routine/standard proteomic
experiment, the BTA approach involves many more sample processing steps. It seemed
to be extremely challenging, if not impossible, for such a large-scale study to obtain
reproducible label-free quantification results. In principle, label free quantification based
on MS1 intensity would be a better choice for DDA-based quantification. Why did the
authors choose spectral counting strategy instead? If the former was not feasible to the
authors, they should at least validate their quantification results using an orthogonal
approach and/or demonstrate their instrumental performance by showing QC data
obtained during the period of this project.

Bioinformatics

In many cases, less than 10 hits could be enriched in individual KEGG pathways, posing a
concern about the ‘real’ significance of statistics. In this regard, the calculated p-values
might be subjected to multiple testing correction (Noble WS. Nat Biotechnol. 2009).
Alternatively, the FDR rates for the KEGG enrichment analyses could be provided.

Minors:

Indeed, sulfhydration is most widely used in literatures. However, in a chemical aspect,
this term implies “hydration” and is inaccurate (Filipovic et al., Chem Rev 2018, 118:
1253-1337). The term “persulfidation” has been gaining wide acceptance (Bestetti et al.,
Sci Adv 2018, 4: eaar5770).

Page 6, the authors claimed that “ex vivo addition of NaHS/H:2S may act as a reducing
equivalent, similar to DTT, and remove the in vivo formed sulfhydration modifications
prior to the BTA assay”. This can be misleading as the effects of NaHS on the formation
of persulfidation is believed to be dependent on its concentration. The authors should
specify the experimental conditions.

Page 12, “As NaHS itself gives an immediate positive lead sulfide result as it quickly
releases H:zS upon placement in aqueous solutions” This is incorrect, as NaHS dissolves
to give the HS. anion rather than H2S (HS- is the predominant form of H:S at
physiological pH). Also, “NaHS is a HzS donor” is a longstanding but wrong notion.

Page 28, DIA should be changed to DDA.
There are too many supplementary tables which are not easy to follow.

Supplemental Data File 1 is not very informative, and should be removed.



Reviewer #2 (Remarks to the Author):

The study by Bithi et al, deals with the effects of dietary restriction on the sulfhydrome in
various tissues. While the authors have generated several datasets pertaining to the
sulfhydrome in different tissues, there are several concerns which cannot be set aside.

As the authors themselves acknowledge, there are some serious issues with the method utilized to
detect persulfidation. It is well established that sulfenic acids (RSOH) readily react with thiol
blocking reagents such as N-ethylmaleimide or iodoacetamide, giving a DTT cleavable adduct (Reisz
et al., FEBS J, 2013). On the other hand, Michael-type addition product formed in the reaction of
normal thiolate with maleimides could also easily undergo thiol exchange with DTT (particularly
when present in large amounts) via retro Michael-type addition even under the conditions used by
the authors (Fontaine et al., Bioconjug. Chem, 2015; Wu et al., Bioconjug. Chem, 2018). Finally, it is
easy to imagine that biotinylated peptide could also be connected via disulfide bond to another
peptide that will be released with DTT treatment. Thus, the approach not only measures R-SSH but
also RSOH and RSSR, in addition to a high basal nonspecific release due to retro Michael-type thiol
exchange, hence authors cannot claim that they measure changes in sulfhydration.

Besides, the authors do not perform the real quantitative proteomic approach. 1.25-fold increase is
usually impossible to reach as significant even with approaches such as SILAC, and certainly not with
n=3. The authors often compare the number of detected proteins. This is not a correct method for
analysis, as differences in the number of identified peptides/proteins cannot not be extrapolated to
the level of modification. They could as well be a consequence of differential extraction efficiency
from different tissues. The bioinformatics part is very basic. The cysteine proteome is well defined
with the recent findings bringing the bioinformatics analysis to a much higher level (Xiao et al, Cell,
2020).

In addition to these major concerns, the method to detect H2S is not sensitive or quantitative
enough. The authors mention that not enough H2S is produced in the brain upon dietary
restriction, yet the enrichment of the sulfhydrated proteins is among the highest there. Obviously,
the liver produces higher H2S in comparison to the brain, but the method (lead acetate-based
method) is clearly not sensitive or quantitative enough.

A direct correlation between sulfhydration and CSE levels has been recently demonstrated in striatal
mouse cell lines and rat brain (Zivanovic et al, Cell Metab, 2019) so there should be no surprise why
the authors see the highest increase there. Neurons predominantly express CSE (Sbodio et al, Brit J
Pharmacol, 2018).



Besides, the study does not provide novel conceptual advances over what is already known in
literature. This study provides a large list of proteins persulfidated in response to dietary
restriction using a method which is not rigorous enough, which does not significantly advance the
field to warrant publication in the journal.

Reviewer #3 (Remarks to the Author):

This is a well-written paper describing experiments that further our understanding of the
mechanisms underlying the effects of dietary restriction on health and longevity. The authors
describe a unique approach that examines the sulfhydromes of various tissues in response to dietary
restriction as well as a lack of a critical enzyme, cystathionase (gamma lyase). The results strengthen
the idea that methionine metabolism plays a major role in the potential effects of dietary restriction
on longevity. The data is novel and exciting especially to those that study the role of diet in health.
The methods and analysis are thoughtful and thorough in terms of techniques to measure H2S and
sulfhydration.

The authors suggest that that H2S signaling has only been recently recognized as proposed
mechanism in lifespan extension. However, several papers published 15-20 years ago (that were not
acknowledged) demonstrated that an upregulation of multiple components of the methionine
metabolic pathway (that includes CGL and from which H2S is derived) was likely a major contributor
to enhanced stress resistance and longevity of long-living mice (Ames dwarf and Growth hormone
receptor knockout mice) while suppressed methionine metabolism contributed to shortened
lifespans exhibited by growth hormone transgenic mice. The point being that there were discoveries
quite a while ago suggesting the importance of this pathway in longevity. Also, numerous reports
indicate that 50% of the cysteine generated via the transsulfuration pathway is utilized in
glutathione synthesis while a significant amount is metabolized into taurine. Thus, it has not yet
been demonstrated that H2S is the primary factor responsible for the beneficial effects of this
pathway on health and longevity but it is indeed a contributor and warrants continued research. This
paper is a productive step in that direction.

Transsulfuration operates in liver, kidney and brain thus it makes sense that these tissues were
largely impacted by both DR and in the CGL mice.

In terms of experimental design, it’s curious as to why they chose a one-week dietary restriction
protocol to examine the changes to the sulfhydromes of various tissues. The impact of DR on many
parameters that impact health and longevity adapt more slowly to the effects of reduced calories.
Collection of tissues after two months of DR (a minimum standard in the aging field) would likely



have shown a much more dramatic and perhaps even a different picture than that obtained after
one week. One other question not adequately described in the methods is how was food intake
measured (individual or groups of mice?). Five grams of food per day is on the higher end. Many
studies have indicated 3-4 grams of food are consumed per day. What was the methionine and
cysteine content of the diets? There are many studies indicating that reduced methionine content
of the diet extends health and lifespan. How do the authors address a 50% reduction in methionine
in this study?

The statistics for the H2S production and similar assays are reasonable.

Minor: there are two files labeled Supplemental Table 1 — should be liver and table 2 should be
kidney.



Response to Reviewers’ Comments NCOMMS-20-07544A

Dear Editor and Reviewers:

This document presents our full response to the Reviewers’ Comments for the manuscript titled “Dietary
restriction transforms the mammalian protein sulfhydrome in a tissue-specific and cystathionine y-lyase-
dependent manner” (NCOMMS-20-07544A) by Nazmin Bithi, Christopher Link, Yoko O. Henderson, Suzie Kim,
Jie Yang, Rui Wang, Belinda Willard, and Christopher Hine. We highly appreciate the feedback and constructive
criticism from all three Reviewers, and we are very thankful to the Reviewers for carefully reading our manuscript.
In this new revised manuscript, we have addressed to the best of our ability the biological, technical, and semantic
issues raised by each Reviewer by the addition of new experimental animal model data, new technical proteomics
approaches, new data analysis, and clarifications in the text. These new additions to the manuscript based on the
reviewers’ comments are provided in BLUE font in the text and figure legends. They are also described/highlighted
in BLUE text in our response to the Reviews below.

(A) Response to Reviewer #1

A.1l Reviewer #1: The present manuscript took as a starting point of investigation of the association between
DR and H2S production in CGL WT and KO mice. As a result, they found that DR and genetic manipulation of
CGL levels affect H2S production in a tissue specific manner. Then, they adapted a previously described
proteomic approach (Gao, et al., Elife. 2015) to generate the first mouse tissue ‘sulfhydrome’ atlas perturbed
with dietary restriction using the same mice models. Overall, the work is interesting and the experiments for
such a large-scale proteomic analysis are properly designed. However, the scientific accuracy, as the work
currently stands, may not meet high standards for this journal. In order to elevate this work to the level of Nat
Commun, | would suggest that the authors consider and address the following points.

Our response: We thank Reviewer #1 for recognizing the novelty, design, and potential of this manuscript. We
also thank Reviewer #1 for their constructive criticism of our work, in particular to the scientific accuracy, and
for their suggestions and guidance to improve it. Have taken into account these suggestions and implemented
new experimental models and approaches into the revised manuscript (in Blue text in the manuscript and figure
legends) to elevate it to the level of Nature Communications. These are also outlined in our responses below.

A.2 Reviewer #1: Although lead acetate is a simple and widely used way for measuring H2S production, it
provides only semiquantitative data (ImageJ data in this case), and the sensitivity is quite low. Also, it seemed
that the authors did not use a blank solution (e.g. PBS buffer made for the assay) for background correction. In
terms of this, the results shown in Figure 1 is not very trustworthy.

Our response: The comments by Reviewer #1 are true in that the lead acetate method for measuring H2S production
gives only semiquantitative data and not absolute in terms of ppm of the H2S gas in a sample. However,
semiquantitative data generated like this and quantified via ImageJ for IntDen is very similar to other techniques
widely used and accepted in biological research, such as Western Blots and DNA gels, for examining relative
differences between a control group and an experimental groups. Our approach is optimal for measuring the relative
differences in H2S production capacity amongst individual samples and different groups all at one time (like what is
shown in Figure 1), as equal exposure time of the lead acetate paper to the headspace of all the wells simultaneously
is ensured (much like all bands in a Western Blot are equally exposed to a film when it is overlays over all bands at
once). Again, while we agree that there are limitations to the lead acetate/lead sulfide assay in terms of obtaining
absolute quantification, it is still widely used and accepted as a method that has selectivity and sensitivity for H2S in

the headspace/gas phase L9 , and was recently used this year as the primary method to measure H2S production
capacity in liver derived cells in this same journal by Xu, Qing; et al. “HNF4o regulates sulfur amino acid
metabolism and confers sensitivity to methionine restriction in liver cancer” Nature Communications 11, 3978

(2020)10. Additionally, highlighting the sensitivity and selectivity of the lead acetate/lead sulfide methods, we
previously published (Yang, J. et al. Communications Biology 2, 194 (2019))11



that use of selected ion flow tube mass spectrometry (SIFT-MS) 1213 which is a quantitative, selective, and
sensitive headspace analysis tool that can be used for H2S measurement, validated our lead acetate/lead sulfide
data and confirmed it is H2S and not other volatile/reactive sulfide species generated from the reaction present
in the gas phase detected in the lead acetate/lead sulfide method. However, we did not utilize SIFT-MS in the
present paper for the main reason that each sample must be analyzed individually, thus making it difficult to
ensure equal incubation time of each H2S production capacity reaction at 37degC prior to sampling. As there are
36 individual biological samples analyzed in Figure 1B and C, it becomes apparent that analyzing that many
samples via SIFT-MS would be technically challenging and produce results that may not be accurate.

Nonetheless, in the current work addressing the sensitivity of the assay, we have addressed part of Reviewer 1’s
concern regarding the use of the blank solutions (PBS buffer w/ PLP and L-cysteine) by now showing these
reaction mixture wells/dots in:

A) The wells/dots labeled as (-) Tissue in Figure 1B and C and in the Supplemental Data File 1:
Uncropped Source Data for Figure 1.

B) The wells/dots labeled as (-) CGL in Figure 6, Supplemental Figure 6, and in the Supplemental
Data File 1: Uncropped source Data for Figure 6.

These reaction mixture wells were always taken into account even in our first version of the manuscript and data
obtained from wells with tissues were normalized to these blank reaction mixture only wells. But at the request of
Reviewer #1, we have now shown these background wells/spots and made it clearer in the Materials and Methods
section and in the Figure legends that these reaction only background values were subtracted from the experimental
sample values when plotting the graphs. In doing so, it is now more apparent that the H2S production identified from
tissues is above background, thus ensuring the sensitivity of the assay to detect H2S production even in low
producing tissues. Additionally, it should be highlighted that in Figure 6A and B, that our lead acetate/lead sulfide
method is sensitive enough to detect a linear increase in H2S production as a function of increasing CGL

concentration (0, 1, 2.5, 5, and 10 ug per reaction) after a 2 hr incubation at 37°C. This data from updated Figure 6A
& B supporting the sensitivity of the lead acetate/lead sulfide assay is shown below:
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In addition to the in vitro assay utilizing purified CGL shown above, we previously published a study (Hine and

Mitchell, Bio Protoc 7(13), 2017)" * that showed increasing liver protein lysate between 0 to 500 pg induces a
linear H2S production detection from the lead acetate/lead sulfide method up to 300 pg

[Redacted]

In our current assays, we utilized 100 ug of protein lysate/reaction, thus ensuring that we would stay in the
linear range for detection. In summary, with the information and data provided here, we feel the experimental
data obtained from the lead acetate/lead sulfide method is sensitive and appropriate for detecting relative
changes in H2S production capacity as a function of diet, genotype, and in vitro treatment.



A.3 Reviewer #1: There is a lack of correlation between the H2S production and SSH formation affected by
DR. Specifically, a number of persulfidated proteins were enriched in brain and muscle under DR (Figure 2D),
whereas DR had little impact on H2S production in brain and muscle (Figure 1 G and H). The authors provide
an explanation for such unexpected findings in the Discussion part. However, in line with the point above, this
could be simply caused by inaccurate measurements.

Our response: Reviewer #1 is correct in that there is a lack of correlation between H2S production from weak H2S
producing organs such as muscle and brain with their enhanced persulfidation under DR. However, we do not think
this is simply due to inaccurate measurements of H2S production in the lead acetate/lead sulfide assay or its inability
to detect relative differences induced by diet in these tissues. Again, as described in the response above, we have
now shown/described the reaction only wells/dots as background that is subtracted from the readings
obtained from tissues, and all values are above background for both ad libitum and DR feeding. Thus, H2S
production capacity does not necessarily have to increase with DR for enhanced persulfidation in select tissues, as
we describe more in depth in the Discussion of this revised manuscript. We now hypothesize that persulfidation in
vivo involves a complex series of modifications, events, and/or factors, and simply having more H2S around does not
necessarily mean increased persulfidation in vivo, as can be read in the updated Discussion.

For this reason and the new data shown below, we have now removed the data pertaining to basal ad
libitum H2S production capacity correlation with total numbers of persulfidated proteins in this revised
manuscript. We have also added new data that brings to light the complexities of persulfidation in vivo. As
seen in Figure 1B, CGL KO mice have decreased kidney H2S production capacity under ad libitum feeding
compared to WT mice. However, in new data presented in Supplemental Figure 9D comparing head-to-
head differences in protein persulfidation in these same kidneys using a new peptide-level biotin thiol
assay combined with iodoTMT labeling, we observe there is not an enrichment for persulfidated proteins
in WT mice, and there is slight enrichment in the KO kidneys under ad libitum feeding. It is not until the
mice are under dietary restriction the dependence for CGL for enhanced persulfidation is revealed, as
shown in new Figure 9F. The data from these referenced figures from the revised manuscript are given below:
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This suggests: 1) Basal persulfidation activity (at least in the kidney) under AL feeding or unstressed conditions is
independent of CGL and/or CGL derived H2S, and 2) Enhanced persulfidation in select tissues relies not only on
CGL (or CBS, 3MST) derived H2S but its coordination with other cysteine- and thiol- redox modifications induced
15,16 or other hormetic stressors 17’18. This is in line with the recent publication by Gao, et al 18 highlighting
a multi-step redox thiol switch from thiol glutathionylation to persulfidation.

[Redacted]



A.4 Reviewer #1: It is totally fine to apply NEM-biotin as the alkylating reagent (this warhead can also react
with redox modifications, but this limitation can be avoided as the authors mentioned in the discussion part).
The concentration of NEM-biotin used in this study was only 343 uM to achieve relatively selectivity of protein
persulfides. However, if protein thiols cannot be fully alkylated or blocked, a large number of artifactual
disulfide bonds might be formed across the proteome during sample handling. One can imagine the case shown
in the following scheme, in which a non-‘sulfdyrated’ protein B could also be co-captured with a ‘sulfdyrated’
protein A using the BTA approach. The authors also discuss such a methodological limitation but claimed that
false positive caused by such a limitation may be minor. Can they provide any experimental evidence to support
this claim?

Our response: We thank Reviewer #1 for agreeing that our use of NEM-biotin is appropriate as an alkylating agent,
as well as their very helpful insights and suggestions for avoiding the caveats of protein level biotin thiol assay for
detection of protein persulfides. New experiments and data related to addressing these concerns are now found
in the new Figure 9 and described here: The Sulfhydrome profiles generated thus far were performed on protein
level pulldown/isolation and subsequent label-free quantification (LFQ). While suitable for protein persulfidation
identification and showing relative shifts between groups, these methods are not without their drawbacks. Mainly,
protein-level pulldown lends to potential false positive identification due to intermolecular disulfide bonds, thus
allowing a non-persulfidated protein to be co-captured with a persulfidated protein and eluted during the final

reducing steplg’zo. Conversely, false negatives are possible due to NM-Biotin bound non-persulfidated
intramolecular thiols (RS-NM-Biotin) on the same protein as a labeled persulfidated cysteine residue (RS-Sh-NM-

Biotin) preventing final elution with a reducing agentzo. While these caveats are valid, it has been hypothesized that
concentrations of disulfide bonds in intracellular proteins are low and not expected to be a major source of false

positives in the approach utilizedlg. In the previous referenced paper by leaders in the redox biology/H2S field
(Filipovic, M.; Zivanovic, J.; Alvarez, B.; and Banerjee, R. Chemical Biology of H2S Signaling through
Persulfidation. Chemical Reviews, 2018, 118, 3, 1254-1337), they state “However, disulfides are not common in
intracellular proteins, and the interference by disulfide-containing peptides/proteins in persulfide identification is
expected to be low”, and later “concentrations of disulfide bonds in intrancellular proteins is low and this is not
expected to be a quantitatively major drawback of the method.” Nonetheless, we pursued an orthogonal approach as
suggested by Reviewer 1 (Figure 9A, Supplemental Figure 9A) to avoid these limitations and further validate and
expand our findings utilizing kidney and brain obtained from an independent cohort of 12-month old CGL WT and
KO mice fed 1-week 50% DR.

Direct comparison between WT and KO kidney utilizing protein level BTA revealed the sulfhydrome
enriched in WT with 87% of all proteins having a higher LFQ intensity in WT over KO (Figure 9B,
Supplemental Figure 9B, and Supplemental Table 32). Similarly, 123 proteins in WT met the biological- and
statistical-significance LFQ thresholds, versus only 7 meeting similar thresholds in KO (Figure 9B). Direct
comparison between WT and KO brains utilizing protein level BTA resulted in a near even split in total
persulfidated proteins, with 55% skewed toward WT (Figure 9C, Supplementary Figure 9C, and
Supplemental Table 33). These results are not surprising given: 1) The equal but opposite direction the kidney
sulfhydrome is shifted under DR in 6-month old CGL WT (76% toward DR; Figure 2B) and KO mice (74%
toward AL; Figure 7E), and 2) The comparable brain sulfhydrome enrichments in 6-month old CGL WT
(87% toward DR; Figure 2D) and KO mice (86% toward DR; Figure 8B).

We next examined CGL dependence for DR-induced shifts utilizing peptide level BTA (Figure 9A). Tissue
lysates underwent trypsinization to digest proteins and produce smaller peptides prior to affinity purification, thus

overcoming potential intermolecular and intramolecular cysteine-related issues experienced in protein level BTAZO.
In kidney, 70% of peptides and resultant protein ID’s had higher LFQ intensities in WT over KO (Figure 9D,
Supplemental Figure 9B, and Supplemental Table 34). Seven proteins in WT met the biological- and statistical-
significance LFQ thresholds, versus only 2 meeting similar thresholds in KO (Figure 9D). In brain, 74% of the
peptides and resultant protein ID’s were skewed toward WT (Figure 9E, Supplemental Figure 9C, and
Supplemental Table 35). Six proteins in WT met the biological- and statistical-significance LFQ thresholds, versus
only 1 meeting similar thresholds in KO (Figure 9E). Thus, peptide level pulldown showed CGL dependent kidney
persulfidation enrichment under DR similar to protein level pulldown, while it




revealed CGL dependence for brain persulfidation enrichment under DR that was not detected by protein level
BTA analyses.

Advancing the peptide level BTA, we applied multiplex iodoacetyl isobaric tandem mass tag
(iodoTMT) labeling of sulfhydryl groups after final tris(2-carboxyethyl)phosphine (TCEP) elution of
persulfidated (Figure 9A, Supplemental Figure 9A). These steps and approaches advance upon non-labeled
peptide BTA as TCEP reduction and subsequent iodoTMT labeling provide quantitative identification of

persulfidated proteins and peptide site-level analysis for the modified cysteine residues 18, '22. In both kidney
(Figure 9F, and Supplemental Tables 36) and brain (Figure 9G, Supplemental Tables 37) total persulfidated
peptides and resultant protein I1D’s had higher iodoTMT intensities in WT over KO, with 100% enrichment in
WT kidney and 80% enrichment in WT brain. Twelve proteins in WT kidney and 2 proteins in WT brain met
the biological- and statistical-significance for WT:KO iodoTMT intensity ratio, while no proteins reached
similar thresholds in KO tissues (Figures 9F, G). All of Figure 9 (completely new data) is given below:
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A.5 Reviewer 1: The SSH profiling method used in this study was adapted from a previous report by Gao and
colleagues. In a technical aspect, therefore, the novelty of this work was compromised. Moreover, as compared
to its original version that enabled a site-level analysis, the present work by Bithi et al., failed to do so.

Our response: Yes, Reviewer #1 is correct that the SSH profiling method used here was adapted from the Gao, et al

paper23, primarily due to those authors utilizing the same proteomics core and expertize at Cleveland Clinic that we
have access to. So yes, from a purely technical perspective, the method (even though we adapted and optimized it
here for ex vivo persulfidation detection from mammalian flash frozen tissues) is not entirely novel. However, the
novelty aspect comes from the biological approaches and questions being answered to determine multi tissue-
specific and CGL-dependent in vivo changes to the mammalian sulfhydrome as a function of dietary



restriction at three different stages of age in mice: young adult (6-monhts), middle-aged adult (12-months) and
advanced aged (20-months). Additionally, as described in our response to the previous comment (A.4 from
Reviewer #1), in our revised manuscript we have now applied peptide level biotin thiol assay followed by
iodoTMT multiplex labeling. Not only does this allow for labeled quantification of changes in persulfidation via
mass spec (Figure 9F, G), but it provides the site-level analysis that Reviewer #1 is requesting. Site-level
analysis for the modified cysteine residues from peptide iodoTMT labeling are provided in the second
tabs of Supplemental Tables 36 for DR kidney, Supplemental Tables 37 for DR brain, and Supplemental
Tables 38 for AL kidney.

A.6 Reviewer #1: Though out of “fashion”, DDA-based label-free quantification is still widely adopted in the field
of proteomics, especially for measuring changes in protein expression across a number of biological samples. As
compared to a routine/standard proteomic experiment, the BTA approach involves many more sample processing
steps. It seemed to be extremely challenging, if not impossible, for such a large-scale study to obtain reproducible
label free quantification results. In principle, label free quantification based on MS1 intensity would be a better
choice for DDA-based quantification. Why did the authors choose spectral counting strategy instead?

Our response: We thank Reviewer #1 for providing insight into label-free quantification approaches. We chose
spectral counting for DDA-based label-free quantification as it primarily affords relatively simple and faster sample
preparation and data analysis in addition to its ability to quantify protein abundance with reasonable accuracy for

most proteins over a dynamic range of 2 to 4 orders of magnitude and up to 60 orders of magnitude in specific
case524_26. In our revised version we have now performed several new experiments utilizing three independent

experimental mouse cohorts differing in age, diet type, diet duration, and/or strain background along with several
variations of the BTA (protein level and peptide level isolation, with the latter being done unlabeled and with
iodoTMT labeling) to show the reproducibility of the sulfhydrome enrichments/shifts in our study.

The new additions not outlined previously in our response include sulfhydrome profiling on 20-month
old male C57BL/6 mice that had been on an ad libitum diet (HFD) or a on an every-other-day (EOD)
intermittent fasting diet for 2.5 months (Figure 5 and shown below for ease of viewing). Similar shifts in the
sulfhydrome were obtained by the EOD fasting diet in these aged mice as what was detected in the younger 6-
month mice under the 50% DR diet for 1 week. Thus, the reproducibility of our method, despite the numerous
steps of the BTA, is attainable.
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Additionally, for proof of principle that the spectral counting method provides similar conclusions as
MS1 intensity, we provide the re-analysis of all the raw mass spec data that originally utilized spectral counting
for showing relative tissue-specific changes in the sulfhydrome as a function of diet with now using their MS1
intensity on the proteomics software package name MaxQuant (version 1.6.14.0) and data analysis software
Perseus (version 1.6.12.0). Please see the below side by side volcano plot comparisons between spectral

counting results and MS1 intensity result to visualize the similarities.
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Spectral Counting versus MS1 Intensity #1: Comparing label free Spectral Count (SC) and MS1 intensity-
based mass spec quantification on 6-month old WT 50% DR and AL fed male mice (n = 4-5 mice/group).
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Spectral Counting versus MS1 Intensity #2: Comparing label free Spectral Count (SC) and MSL1 intensity-
based mass spec quantification on 6-month old CGL KO 50% DR and AL fed male mice ( n = 3 mice/group)
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Spectral Counting versus MS1 Intensity #3: Comparing label free Spectral Count (SC) and MS1 intensity-
based mass spec quantification on 20-month old WT EOD fasting and AL fed male mice ( n =5 mice/group)

A.7 Reviewer #1: If the former was not feasible to the authors, they should at least validate their quantification
results using an orthogonal approach and/or demonstrate their instrumental performance by showing QC data
obtained during the period of this project.

Our response: We thank reviewer #1 for suggesting the appropriate steps to take to validate our work and ensure the
quality of our data. We have presently decided to proceed with the label free spectral count based data and analysis
in the manuscript (Figures 2, 3, 4, 5, 7, and 8) rather than incorporate the MS1 as changing the data to MS1 based
would require the need to re-synthesize all shared protein and pathway enrichment data panels in the figures. As the
directionality and magnitude of the sulfhydrome shifts in all tissues were very similar when analyzed via spectral
counting or MS1 (as shown in the above volcano plots showing side-by-side spectral counts plots versus to MS1
plots), we feel inclusion of the spectral count obtained data is suitable and provides the same narrative as the MS1

data, in addition to it being considered acceptable in the field of proteomi0324'26. That being said, at the request of
Reviewer #1, we have included instrumental performance QC1 data obtained during the



entire period of this project., which is described in the updated Materials and Methods section and physically
located in Supplemental Data File 2: Mass Spec QC1 data information as well we uploaded all of the raw
QC1 data to Figshare via: https://figshare.com/s/941a9d9bc9cd39b0dac6 and
https://figshare.com/s/f613f80460bce4eb722d and this information is also provided in the updated Material and
Methods section. However, if Reviewer #1 requires that we switch out all spectral count data for the MS1 based
data, we will kindly oblige.

We would also like to highlight the new orthogonal approach taken in Figure 9 to validate our
quantification results and shifts in the sulfhydrome as a function of diet and CGL-status, in which we analyzed
based on label free intensity quantification instead of spectral counting for both protein level and peptide level
BTA (Figure 9B-E), and further advanced the study with the use of iodoTMT multiplex labeled quantification
and site-level analysis (Figure 9F, G).

A.8 Reviewer #1: In many cases, less than 10 hits could be enriched in individual KEGG pathways, posing a
concern about the ‘real’ significance of statistics. In this regard, the calculated p-values might be subjected to
multiple testing correction (Noble WS. Nat Biotechnol. 2009). Alternatively, the FDR rates for the KEGG
enrichment analyses could be provided.

Our response: We would like to emphasize that the KEGG pathway analysis was done by the online-based

server g:Profiler (https://biit.cs.ut.ee/gprofiler/gost). ! This server/tool does functional enrichment analysis of
identified persulfidated proteins by using gene ID’s or accession numbers in the g:GOSt (Gene Group

Functional Profiling) identifier tool to detect biological pathways from the KEGG database — significantly
enriched with persulfidated proteins. These significance values were auto-calculated by the software’s
proprietary g:SCS algorithm that already utilizes multiple testing correction for p-values gained from pathway
enrichment analysis and given a threshold of p < 0.05. We decided to use the2q7:SCS algorithm because g:SCS is

more conservative than Benjamini-Hochberg False Discovery Rate (FDR) . Moreover, g:GOSt reports the
adjusted enrichment P-values (which are shown in the figure). In setting the boundaries for significance
determination, it corresponds to an experiment-wide threshold of a=0.05, with the g:SCS threshold pre-
calculated for list sizes up to 1000 accession number or gene ID terms and analytically approximates a threshold
t corresponding to the 5% upper quantile of randomly generated queries of that size. As per the g:Profiler
description, all actual p-values resulting from the query are automatically transformed to corrected p-values by
multiplying these to the ratio of the approximate threshold t and the initial experiment-wide threshold a=0.05
with consideration to the underlying gene sets annotated to terms of each organism from the KEGG database,
and therefore gives a tighter threshold to significant result. We have now added more of the description of
g:Profiler and its mathematical approaches in the Materials and Methods section in the revised manuscript.

Minors:

A.9 Reviewer #1: Indeed, sulfhydration is most widely used in literatures. However, in a chemical aspect, this
term implies “hydration” and is inaccurate (Filipovic et al., Chem Rev 2018, 118: 12531337). The term
“persulfidation” has been gaining wide acceptance (Bestetti et al., Sci Adv 2018, 4: eaar5770). Our response: In
our revised manuscript we have changed “sulfhydration” to “persulfidation”.

A.10 Reviewer #1: Page 6, the authors claimed that “ex vivo addition of NaHS/H2S may act as a reducing
equivalent, similar to DTT, and remove the in vivo formed sulfhydration modifications prior to the BTA assay”.
This can be misleading as the effects of NaHS on the formation of persulfidation is believed to be dependent on
its concentration. The authors should specify the experimental conditions. Our response: We have added the
concentration of NaHS (1 mM) to page 6 and in the figure legend for Supplemental Figure 2.

A.11 Reviewer #1: Page 12, “As NaHS itself gives an immediate positive lead sulfide result as it quickly releases
H2S upon placement in aqueous solutions” This is incorrect, as NaHS dissolves to give the HS- anion rather than
H2S (HS- is the predominant form of H2S at physiological pH). Also, “NaHS is a H2S donor” is a longstanding but
wrong notion. Our response: We made the suggested change in our revised manuscript, as on page 13, it now says

“As NaHS itself gives an immediate positive lead sulfide result as it quickly releases HS upon placement in


https://figshare.com/s/941a9d9bc9cd39b0dac6
https://figshare.com/s/f613f80460bce4eb722d

aqueous solutions at physiological pH”. We have also removed ‘“NaHS is a H2S donor” wording from the
manuscript.

A.12 Reviewer #1: Page 28, DIA should be changed to DDA.
Our response: We changed “DIA” to “DDA” on page 31.

A.13 Reviewer #1: There are too many supplementary tables which are not easy to follow.

Our response: We apologize for the sheer number of supplementary tables. However, we feel it is in the best
interest for transparency and accessibility of science to include the information contained in the tables, and it is
also a requirement for us to add in these source data that was used to make the volcano plots as per the
publisher’s guidelines. Also, we feel that they make our work an easy to utilize tool and resource for those not
experts in proteomics or akin to proteomics analysis software, as one does not have to go and download the raw
proteomic files that we’ve deposited into the ProteomeXchange Consortium in order to see if their protein of
interest is persulfidated, and if so, which tissues and in what direction relative to diet and genotype. That being
said, we have gone and gotten rid of the tables as PDFs and kept them as Excel files for ease of search and
manipulation by the end user.

A.14 Reviewer #1: Supplemental Data File 1 is not very informative, and should be removed.

Our response: We removed the old Supplemental Data File 1, as the raw proteomics-related data have been
uploaded to the ProteomeXchange Consortium via the PRIDE partner repository with the following dataset
identifier information: Project accession PXD022888 with Project DOI 10.6019/PXD022888 (from Proteome
Discoverer 2.4 based analysis), Project accession PXD022956 (from MaxQuant 1.6.14.0 based analysis), and
Project accession PXD022954 with Project DOI 10.6019/PXD022954 (from Scaffold 4.8.7 based analysis).




(B) Response to Reviewer #2

B.1 Reviewer #2: The study by Bithi et al, deals with the effects of dietary restriction on the sulfhydrome
in various tissues. While the authors have generated several datasets pertaining to the sulfhydrome in
different tissues, there are several concerns which cannot be set aside.

Our response: We thank Reviewer #2 for critically reading and providing constructive criticism to our work.
We have taken these comments into consideration in revising our manuscript with additional animal
models, experimental proteomics approaches, and clarifications in the text. We hope these additions and
revisions, principally in new Figures 5 and 9, help address the concerns of Reviewer #2.

B.2 Reviewer #2: As the authors themselves acknowledge, there are some serious issues with the method
utilized to detect persulfidation. It is well established that sulfenic acids (RSOH) readily react with thiol
blocking reagents such as N-ethylmaleimide or iodoacetamide, giving a DTT cleavable adduct (Reisz et al.,
FEBS J, 2013). On the other hand, Michael-type addition product formed in the reaction of normal thiolate with
maleimides could also easily undergo thiol exchange with DTT (particularly when present in large amounts) via
retro Michael-type addition even under the conditions used by the authors (Fontaine et al., Bioconjug. Chem,
2015; Wu et al., Bioconjug. Chem, 2018). Finally, it is easy to imagine that biotinylated peptide could also be
connected via disulfide bond to another peptide that will be released with DTT treatment. Thus, the approach
not only measures R-SSH but also RSOH and RSSR, in addition to a high basal nonspecific release due to retro
Michael-type thiol exchange, hence authors cannot claim that they measure changes in sulfhydration.

Our response: Thank you to Reviewer #2 for bringing forth the limitations of our work and allowing us to address
these either experimentally and/or verbally. As Reviewer #1 has stated “It is totally fine to apply NEM-biotin as the
alkylating reagent”, the use of maleimide derivatives to alkylate thiols and persulfides is well established in the field

18, 9’29-34. Yet, as Reviewer #2 has pointed out, a few studies have indicated they also bind to sulfenic and sulfinic

acids under specific experimental conditions %, 6, making way for potential false positive persulfidation hits. While
we do not deny the validity of this concern nor the work in Reisz, et al., FEBS J, 2013, it should be noted that these
false positives may be minor as the interaction between maleimide derivatives and oxidized cysteine residues are not

as stable under pH 7-8 36, which is optimal pH for thiol and persulfide alkylation with maleimide 3 and what we
used in the current study. In addition, the reported low presence of oxidized cysteine species relative to thiols and

persulfides limits the potential for false positives in the analysis of persulfides in the proteome 35. Importantly, the
concentration of maleimide derivatives used in the studies reporting interaction with oxidized cysteines (such as
sulfenic and sulfinic acids) ranged from 5 mM to 20 mM, which is 14- to 58-fold higher than what was used in our
present study, suggesting our lower concentration may avoid off target labeling. Furthermore, in larger scale
mammalian whole tissue cysteine modification studies, much like ours, it was shown maleimide derivatives

preferentially alkylate and block —SH groups and not —-SOH groups on proteinsgg. So, again, we do not question the
work cited by Reviewer #2 in regards to the Reisz, et al. FEBS J, 2013 article, however, we do disagree that it is well
established that sulfenic and sulfinic acids readily react with thiol blocking reagents such as NEM and that our
results should not be invalidated, as the interactions of NEM with sulfenic and sulfinic acids may occur under very
specific in vitro conditions. In support that it is not well established, we would also like to respectfully point out that
the same authors in the Reisz, et al., FEBS J, 2013 article stated in a subsequent article two years later in 2015 that:
“Even with the wide use of high resolution instrumentation, distinguishing these two modifications on intact proteins
remains a challenge as, for example, a mass accuracy of < 1 ppm would be needed to distinguish between these in a
20 kDa protein. Control experiments in this case could include 1) treatment with reducing agents (e.g., DTT or

TCEP) to obtain the reduced thiol form of the analyzed protein and/or 2) reaction with thiol-blocking reagents such

41 " e i ] . .
as 1AM or NEM39 . Both are critical as they allow for specific distinction of persulfides against sulfinic acid,

noting that the latter cannot be reduced by DTT and is also inert to IAM and NEM treatment35 ” by Baez, Reisz, and
Furdui “Mass Spectrometry in Studies of Protein Thiol Chemistry and Signaling: Opportunities and Caveats” Free

Radic Biol Med 2015; 80:191-21142. Thus, we feel that if the same authors are advocating for the use of DTT and
NEM due to their specificity towards persulfides, then their original findings should not be held up as well
established nor disqualify our current work.




On an experimental response to Reviewer #2’s comments about the specificity of NEM to block and/or

alkylate persulfides, we would like to point out that given the enzymatic activity of CGL 3 is likely to only prompt
alterations of cysteines with a persulfide and not sulfenic, sulfinic, or sulfonic modifications, the relative minimal
impact of oxidized cysteines giving false positive results within our methodology is leveraged by our use of CGL
KO mice, in which: 1) There is a reduction in total protein persulfidation numbers in all tissues from KO mice, and
2) There is attenuation of DR induced persulfidation in kidney and brain of KO mice as detected in direct WT versus
KO studies utilizing protein and peptide level BTA. Thus, the fact that reduced protein persulfidation levels were
observed in tissues from CGL KO mice compared to the wild-type mice verifies that the protein level and the
peptide level BTA approaches used indeed detect protein persulfide species, similar to what was seen in CBS and

CGL deletion yeast strains in Doka, et aI.20 Thus, while false positives are conceivable, the diet-induced and tissue-
specific proteomic shifts detected in a CGL-dependent manner in this study infer changes in persulfidation. Our new
data addressing the specificity of the method utilizing CGL KO mice as the experimental variable are shown in
Figure 9 and Supplemental Figure 9, with head to head comparisons from unlabeled protein level and peptide level
biotin thiol assays as well as iodoTMT labeled peptide level biotin thiol assay in CGL WT and KO kidney and brain.
The new figure 9 is given below for ease of viewing:
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Other concerns Reviewer #2 has raised in comment B.2 that are addressed in Figure 9 include: 1) “Michael-
type addition product formed in the reaction of normal thiolate with maleimides could also easily undergo thiol
exchange with DTT”, and 2) “biotinylated peptide could also be connected via disulfide bond to another peptide that
will be released with DTT treatment”. In regards to the use of DTT, we have substituted DTT with the non-thiol
containing TCEP for the final elution step in Figures 9F and G in the peptide level biotin thiol assay, thus avoiding a
potential thiol exchange. The results obtained with TCEP parallel those obtained with using DTT, thus strengthening
and validating the data obtained throughout the manuscript for the diet-, tissue-, and CGL-dependent enrichments of
the sulfhydrome. In regards to disulfide connected proteins giving false positives



during the elution stages, as we had described in the response to Reviewer #1: The Sulfhydrome profiles
generated thus far were performed on protein level pulldown and subsequent label-free quantification (LFQ).
While suitable for protein persulfidation identification and showing relative shifts between groups, these
methods are not without their drawbacks. Mainly, protein-level pulldown lends to potential false positive
identification due to intermolecular disulfide bonds, thus allowing a non-fgrzsoulfidated protein to be co-captured

with a persulfidated protein and eluted during the final reducing step™ " . Conversely, false negatives are
possible due to NM-Biotin bound non-persulfidated intramolecular thiols (RS-NM-Biotin) on the same protein

as a labeled persulfidated cysteine residue (RS-Sn-NM-Biotin) preventing final elution with a reducing agent .
While these caveats are valid, it has been hypothesized that concentrations of disulfide bonds in intracellular

proteins are low and not expected to be a major source of false positives in the approach utilizedlg. In the
previous referenced paper by leaders in the redox biology/H2S field (Filipovic, M.; Zivanovic, J.; Alvarez, B.;
and Banerjee, R. Chemical Biology of H2S Signaling through Persulfidation. Chemical Reviews, 2018, 118, 3,
1254-1337), they state “However, disulfides are not common in intracellular proteins, and the interference by
disulfide-containing peptides/proteins in persulfide identification is expected to be low”, and later
“concentrations of disulfide bonds intrancellular proteins is low and this is not expected to be a quantitatively
major drawback of the method.” Nonetheless, we pursued an orthogonal approach (Figure 9A, Supplemental
Figure 9A) to avoid these limitations and further validate and expand our findings utilizing kidney and brain
obtained from an independent cohort of 12-month old CGL WT and KO mice fed 1-week 50% DR.

Direct comparison between WT and KO kidney utilizing protein level BTA revealed the sulfhydrome
enriched in WT with 87% of all proteins having a higher LFQ intensity in WT over KO (Figure 9B,
Supplemental Figure 9B, and Supplemental Table 32). Similarly, 123 proteins in WT met the biological- and
statistical-significance LFQ thresholds, versus only 7 meeting similar thresholds in KO (Figure 9B). Direct
comparison between WT and KO brains utilizing protein level BTA resulted in a near even split in total
persulfidated proteins, with 55% skewed toward WT (Figure 9C, Supplementary Figure 9C, and
Supplemental Table 33). These results are not surprising given: 1) The equal but opposite direction the kidney
sulfhydrome is shifted under DR in 6-month old CGL WT (76% toward DR; Figure 2B) and KO mice (74%
toward AL; Figure 7E), and 2) The comparable brain sulfhydrome enrichments in 6-month old CGL WT
(87% toward DR; Figure 2D) and KO mice (86% toward DR; Figure 8B).

We next examined CGL dependence for DR-induced shifts utilizing peptide level BTA (Figure 9A).
Tissue lysates underwent trypsinization to digest proteins and produce smaller peptides prior to affinity
purification, thus overcoming potential intermolecular and intramolecular cysteine-related issues experienced in

protein level BTA20. In kidney, 70% of peptides and resultant protein 1D’s had higher LFQ intensities in WT
over KO (Figure 9D, Supplemental Figure 9B, and Supplemental Table 34). Seven proteins in WT met the
biological- and statistical-significance LFQ thresholds, versus only 2 meeting similar thresholds in KO (Figure
9D). In brain, 74% of the peptides and resultant protein ID’s were skewed toward WT (Figure 9E,
Supplemental Figure 9C, and Supplemental Table 35). Six proteins in WT met the biological- and statistical-
significance LFQ thresholds, versus only 1 meeting similar thresholds in KO (Figure 9E). Thus, peptide level
pulldown showed CGL dependent kidney persulfidation enrichment under DR similar to protein level pulldown,
while it revealed CGL dependence for brain persulfidation enrichment under DR that was not detected by
protein level BTA analyses.

Advancing the peptide level BTA, we applied multiplex iodoacetyl isobaric tandem mass tag
(iodoTMT) labeling of sulfhydryl groups after final tris(2-carboxyethyl)phosphine (TCEP) elution of
persulfidated (Figure 9A, Supplemental Figure 9A). These steps and approaches advance upon non-labeled
peptide BTA as TCEP reduction and subsequent iodoTMT labeling provide quantitative identification of

persulfidated proteins and peptide site-level analysis for the modified cysteine residues 18’21’22. In both kidney
(Figure 9F, and Supplemental Tables 36) and brain (Figure 9G, Supplemental Tables 37) total persulfidated
peptides and resultant protein ID’s had higher iodoTMT intensities in WT over KO, with 100% enrichment in
WT kidney and 80% enrichment in WT brain. Twelve proteins in WT kidney and 2 proteins in WT brain met
the biological- and statistical-significance for WT:KO iodoTMT intensity ratio, while no proteins reached
similar thresholds in KO tissues (Figures 9F, G).




B.3 Reviewer #2: Besides, the authors do not perform the real quantitative proteomic approach. 1.25-fold increase is
usually impossible to reach as significant even with approaches such as SILAC, and certainly not with n=3.

Our response: Thank you for the comments and suggestions. However, we feel Reviewer #2 may be incorrect as
to what we set our biological significance threshold to for spectral count differences between groups. We did
not set this to 1.25-fold, but a minimum of 2-fold. We have tried to make this clearer in the Materials and
Methods section as well elsewhere in the text and figure legends. We chose spectral counting for the majority of
the label-free quantification as it primarily affords relatively simple and faster sample preparation and data
analysis in addition to its ability to quantify protein abundance with reasonable accuracy for most proteins over

a dynamic range of 2 to 4 orders of magnitude and up to 60 orders of magnitude in specific cases & 6. In our
revised version we have now performed several new experiments utilizing three independent experimental
mouse cohorts differing in age, diet type, diet duration, and/or strain background along with several variations
of the biotin thiol assay (protein level and peptide level isolation, with the latter being done unlabeled and with
iodoTMT labeling for a quantitative and site-level proteomic approach) to show the reproducibility of the
sulfhydrome enrichments/shifts our study. Again, the head to head quantitative proteomic approach using
iodoTMT labeling is found in Figure 9F and G, as well as Supplemental Figure 9D.

In regards to biological N-values, yes, Reviewer #2 is correct for the CGL KO ad libitum versus the CGL
KO diet restriction those initial experiments were performed with 3 mice per group. However, in other experimental
set ups (50% DR in WT mice and EOD in WT mice) we used n=4 to 5 in each group. In this revised manuscript, we
have performed a completely new independent test regarding the reproducibility and validity of our results. The new
additions not outlined previously in our response to Reviewer #2 includes sulfhydrome profiling on 20-month old
male C57BL/6 mice that had been on either an ad libitum diet (HFD) or a on an every-other-day (EOD) intermittent
fasting diet for 2.5 months (Figure 5 and shown below for ease of viewing).
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As can be seen from Figure 5 above, similar shifts in the sulfhydrome were obtained by the EOD fasting diet

in these aged mice as what was detected in the younger 6-month mice under the 50% DR diet for 1 week. Thus, the
reproducibility of our method, despite the numerous steps of the BTA, is attainable. Also, we would also like to
point out that the use of n =3 for both cell based and tissue based assays was deemed sufficient by the Filipovic

group in their article describing differences in tissue persulfidation between WT and CGL KO mice44



B.4 Reviewer 2: The authors often compare the number of detected proteins. This is not a correct method for
analysis, as differences in the number of identified peptides/proteins cannot not be extrapolated to the level of
modification. They could as well be a consequence of differential extraction efficiency from different tissues.
The bioinformatics part is very basic. The cysteine proteome is well defined with the recent findings bringing
the bioinformatics analysis to a much higher level (Xiao et al, Cell, 2020).

Our response: We thank Reviewer #2 for bringing up concerns in regards to our inclusion of comparisons between
the absolute numbers of tissues in WT and KO tissues. While we do state in each tissue the absolute number of
persulfidated proteins identified, we do not make any statements as to the level of modification for said proteins (aka
the ratio of persulfidated vs non-persulfidated). This is a completely different form of analysis and most likely could
not be completed on a multi-tissue/multi-diet/multi-genotype global sulhydrome project that we have presented here.
Nonetheless, we have added addition statistical analysis to our work, with stating the % shift in the sulfhydrome for
each tissue studied under the following head to head comparison conditions: WT AL vs. WT DR; KO AL vs. KO
DR; WT AL vs WT EOD; WT DR vs KO DR; WT AL vs KO AL. Thus, it is now easier to compare how the
sulfhydrome shifts or is enriched comparing between groups in a specific tissue. As all of these head to head
comparison conditions were completed at the same time within experiment, there is no reason to believe extraction
efficiency or technical variables would be the cause for these differences. Additionally, equal amounts of protein
lysates are input into the each individual BTA (as can be seen from the stained gel images in the supplemental
figures), so even if there are extraction differences between different tissue types, this does not impact the amount of
protein going into each assay. In addition, while the Xiao et al, Cell, 2020 paper is a tour de force and landmark
paper in the field of redox biology, it does not address persulfidation/sulfhydrome analysis. We also believe the
presentation of our data is accessible and understandable for a wide scientific audience and not just those with
expertise in bioinformatics and proteomic fields.

Additionally, we have performed the head to head iodoTMT Multiplex labeled quantitative approach in Figure
9 in brain and kidney from CGL WT and KO mice under DR, as well as in Supplemental Figure 9 for kidney
from CGL WT and KO mice under ad libitum feeding. This allows us to quantitatively detect differences
between WT and KO based on the intensity of the iodoTMT label. In addition, to enhance the bioinformatics
analysis to a higher level, this labeling approach provides the site-level analysis for the modified cysteine
residues and is provided in the second tabs of Supplemental Tables 36 for DR kidney, Supplemental
Tables 37 for DR brain, and Supplemental Tables 38 for AL kidney.

B.5 Reviewer #2: In addition to these major concerns, the method to detect H2S is not sensitive or quantitative
enough. The authors mention that not enough H2S is produced in the brain upon dietary restriction, yet the
enrichment of the sulfhydrated proteins is among the highest there. Obviously, the liver produces higher H2S in
comparison to the brain, but the method (lead acetate-based method) is clearly not sensitive or quantitative
enough.

Our response: Thank Reviewer #2 for bringing up this issue. As we already provide an explanation to the similar
issue brought up by Reviewer #1, we will address it similarly here. Yes, the lead acetate method for measuring H2S
production gives only semiquantitative data and not absolute in terms of ppm of the H2S gas in a sample. However,
semiquantitative data generated like this and quantified via ImageJ for IntDen is very similar to other techniques
widely used and accepted in biological research, such as Western Blots and DNA gels, for examining relative
differences between a control group and an experimental groups. Our approach is optimal for measuring the relative
differences in H2S production capacity amongst individual samples and different groups all at one time (like what is
shown in Figure 1), as equal exposure time of the lead acetate paper to the headspace of all the wells simultaneously
is ensured (much like all bands in a Western Blot are equally exposed to a film when it is overlays over all bands at
once). Again, while we agree that there are limitations to the lead acetate/lead sulfide assay in terms of obtaining
absolute quantification, it is still widely used and accepted as a method that has selectivity and sensitivity for H2S in

the headspace/gas phase 9 , and was recently used this year as the primary method to measure H2S production
capacity in liver derived cells in this same journal by Xu, Qing; et al. “HNF4o regulates sulfur amino acid
metabolism and confers sensitivity to methionine restriction in liver cancer” Nature



Communications 11, 3978 (2020)10. Additionally, highlighting the sensitivity and selectivity of the lead acetate/lead
sulfide methods, we previously published (Yang, J. et al. Communications Biology 2, 194 (2019))11 that use of

selected ion flow tube mass spectrometry (SIFT-MS) 1213 which is a quantitative, selective, and sensitive headspace
analysis tool that can be used for H2S measurement, validated our lead acetate/lead sulfide data and confirmed it is
H2S and not other volatile/reactive sulfide species generated from the reaction present in the gas phase detected in
the lead acetate/lead sulfide method. However, we did not utilize SIFT-MS in the present paper for the main reason
that each sample must be analyzed individually, thus making it difficult to ensure equal incubation time of each H2S
production capacity reaction at 37degC prior to sampling. As there are 36 individual biological samples analyzed in
Figure 1B and C, it becomes apparent that analyzing that many samples via SIFT-MS would be technically
challenging and produce results that may not be accurate.

Nonetheless, in the current work addressing the sensitivity of the assay, we have addressed these concerns by
now showing the background reaction mixture wells/dots to indicate we are detected above background in:

A) The wells/dots labeled as (-) Tissue in Figure 1B and C and in the Supplemental Data File 1:
Uncropped Source Data for Figure 1.

B) The wells/dots labeled as (-) CGL in Figure 6, Supplemental Figure 6, and in the Supplemental
Data File 1: Uncropped source Data for Figure 6.

These reaction mixture wells were always taken into account even in our first version of the manuscript and
data obtained from wells with tissues were normalized to these blank reaction mixture only wells. We have now
shown these background wells/spots and made it clearer in the Materials and Methods section and in the Figure
legends that these reaction only background values were subtracted from the experimental sample values when
plotting the graphs. In doing so, it is now more apparent that the H2S production identified from tissues is above
background, thus ensuring the sensitivity of the assay to
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[Redacted]

In our current assays, we utilized 100 pg of protein lysate/reaction, thus ensuring that we would stay in
the linear range for detection. In summary, with the information and data provided here, we feel the
experimental data obtained from the lead acetate/lead sulfide method is sensitive and appropriate for detecting
relative changes in HzS production capacity as a function of diet, genotype, and in vitro treatment.



B.6 Reviewer #2: A direct correlation between sulfhydration and CSE levels has been recently demonstrated in
striatal mouse cell lines and rat brain (Zivanovic et al, Cell Metab, 2019) so there should be no surprise why the
authors see the highest increase there. Neurons predominantly express CSE (Shodio et al, Brit J Pharmacol, 2018).

Our response: In the revised manuscript, we have refined our hypothesis that H2S production capacity does not
necessarily have to increase with DR for enhanced persulfidation in select tissues, as we describe more in depth
in the Discussion of this revised manuscript. We now hypothesize that persulfidation in vivo involves a complex
series of modifications, events, and/or factors, and simply having more H2S or CGL does not necessarily mean
increased persulfidation in vivo, as can be read in the updated Discussion. For this reason and the new data
shown below, we have now removed the correlative data pertaining to basal ad libitum H2S production
capacity with total numbers of persulfidated proteins in this revised manuscript. We have also added new
data that brings to light the complexities of persulfidation in vivo. As seen in Figure 1B, CGL KO mice have
decreased kidney H2S production capacity under ad libitum feeding compared to WT mice. However, in new
data presented in Supplemental Figure 9D comparing head-to-head differences in protein persulfidation
in these same kidneys using a new peptide-level biotin thiol assay combined with iodoTMT labeling, we
observe there is not an enrichment for persulfidated proteins in WT mice, and if anything there is slight
enrichment in the KO kidneys under ad libitum feeding. It is not until the mice are under dietary
restriction the dependence for CGL for enhanced persulfidation is revealed, as shown in new Figure 9F.
The data from these referenced figures from the revised manuscript are given below:
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This suggests: 1) Basal persulfidation activity (at least in the kidney) under AL feeding or unstressed conditions
is independent of CGL and/or CGL derived H2S, and 2) Enhanced persulfidation in select tissues relies not only
on CGL (or CBS, 3MST) derived H2S but its coordination with other cysteine- and thiol- redox modifications

induced by DR ~ " or other hormetic stressors as suggested by others = . This is in line with the recent

publication by Gao, et al 18 highlighting a multi-step redox thiol switch from thiol glutathionylation to
persulfidation.

[Redacted]



B.7 Reviewer #2: Besides, the study does not provide novel conceptual advances over what is already known in
literature. This study provides a large list of proteins persulfidated in response to dietary restriction using a method
which is not rigorous enough, which does not significantly advance the field to warrant publication in the journal.

Our response: While we appreciate the reviewer’s feedback, we respectfully disagree as to the novel conceptual
advances our work provides. Here, we found CGL dependent alterations in H2S production capacity and
sulfhydrome enrichment induced by DR to vary based on tissue, summarized in Figure 10. Utilizing three
independent experimental mouse cohorts differing in age, diet type, diet duration, and/or strain background
along with several variations of the BTA, we found DR enhanced the sulfhydromes of liver, kidney, muscle,
and brain while contracted those of heart. Dependence for CGL in diet induced sulfhydrome expansion was
most prominent in kidney and muscle, and to a certain extent in brain. While this is not the first study to

: : . . . — . . 4445 . . .
recognize relative changes in mammalian protein persulfidation as a function of CGL or diet 5, it is the first
to reveal individual identities and enrichment shifts of these proteins, their biological pathway involvement,
sites of modification, and the interdependence of tissue-type, diet, and CGL to impact persulfidation profiles.

We feel the inclusion of our new data sets pertaining to late life initiated long-term dietary restriction in
the form of every other day fasting in 20 month old mice and 1-week 50% dietary restriction in 1 year old CGL
WT and KO mice enhance the novel conceptual advances, as no other paper has looked at these specific ages,
diet-types, and applied in CGL WT and KO mice. Additionally, the use of iodoTMT labeled peptide level BTA
as seen in Figure 9 and Supplementary Figure 9 highlight that CGL is required for sulhydrome enrichment
under dietary restriction, but not so much under unstressed ad libitum feeding conditions. No prior publications
have addressed this issue in vivo nor have they deciphered the contribution CGL provides for tissue
sulfhydromes under stressed and non-stressed conditions in vivo.



(C) Response to Reviewer #3

C.1 Reviewer #3: This is a well-written paper describing experiments that further our understanding of the
mechanisms underlying the effects of dietary restriction on health and longevity. The authors describe a unique
approach that examines the sulfhydromes of various tissues in response to dietary restriction as well as a lack
of a critical enzyme, cystathionase (gamma lyase). The results strengthen the idea that methionine metabolism
plays a major role in the potential effects of dietary restriction on longevity. The data is novel and exciting
especially to those that study the role of diet in health. The methods and analysis are thoughtful and thorough in
terms of techniques to measure H2S and sulfhydration.

Our response: We thank Reviewer #3 for their careful and critical reading of our manuscript, as well as
their constructive criticism for ways to improve our manuscript.

C.2 Reviewer #3: The authors suggest that that H2S signaling has only been recently recognized as proposed
mechanism in lifespan extension. However, several papers published 15-20 years ago (that were not
acknowledged) demonstrated that an upregulation of multiple components of the methionine metabolic pathway
(that includes CGL and from which H2S is derived) was likely a major contributor to enhanced stress resistance
and longevity of long-living mice (Ames dwarf and Growth hormone receptor knockout mice) while suppressed
methionine metabolism contributed to shortened lifespans exhibited by growth hormone transgenic mice. The
point being that there were discoveries quite a while ago suggesting the importance of this pathway in
longevity. Also, numerous reports indicate that 50% of the cysteine generated via the transsulfuration pathway
is utilized in glutathione synthesis while a significant amount is metabolized into taurine. Thus, it has not yet
been demonstrated that H2S is the primary factor responsible for the beneficial effects of this pathway on health
and longevity but it is indeed a contributor and warrants continued research. This paper is a productive step in
that direction. Transsulfuration operates in liver, kidney and brain thus it makes sense that these tissues were
largely impacted by both DR and in the CGL mice.

Our response: We thank Reviewer #3 for highlighting the need for us to include some of the landmark
studies related to sulfur amino acid metabolism and longevity models. We have now added the following text
(highlighted here) in the introduction: “A common molecular phenomenon amongst several dietary and endocrine
models of longevity is the altered metabolism of sulfur containing amino acids methionine and cysteine, which entails
flux through transsuh‘ura‘cionla_15 and increased production capacity and/or bioavailability of hydrogen sulfide (H.S)
gaslG. H:S and its HS anion and 52_ ion, herein referred simply as H:S, is historically classified as an environmental and

. 46-48 ,
occupational hazard .

This new addition adds the following historical papers from 15-20 years ago:

13 Uthus, E. O. & Brown-Borg, H. M. Methionine flux to transsulfuration is enhanced in the long living
Ames dwarf mouse. Mech Ageing Dev 127, 444-450, doi:10.1016/j.mad.2006.01.001 (2006).

14 Brown-Borg, H. M., Rakoczy, S. G. & Uthus, E. O. Growth hormone alters methionine and glutathione
metabolism in Ames dwarf mice. Mech Ageing Dev 126, 389-398, doi:10.1016/j.mad.2004.09.005 (2005).

15 Uthus, E. O. & Brown-Borg, H. M. Altered methionine metabolism in long living Ames dwarf mice.
Exp Gerontol 38, 491-498 (2003).

Additionally, we have included references to others’ work in regards to longevity models and
alterations in transsulfuration and CGL expression:

23 Miller, D. L. & Roth, M. B. Hydrogen sulfide increases thermotolerance and lifespan in
Caenorhabditis elegans. Proc Natl Acad Sci U S A 104, 20618-20622, doi:10.1073/pnas.0710191104 (2007).
36 Kabil, H., Kabil, O., Banerjee, R., Harshman, L. G. & Pletcher, S. D. Increased transsulfuration
mediates longevity and dietary restriction in Drosophila. Proc Natl Acad Sci U S A 108, 16831-16836,
d0i:10.1073/pnas.1102008108 (2011).

38 Tyshkovskiy, A. et al. Identification and Application of Gene Expression Signatures Associated with
Lifespan Extension. Cell Metab 30, 573-593 €578, d0i:10.1016/j.cmet.2019.06.018 (2019).



If Reviewer #3 wishes additional specific papers to be referenced, we will happily oblige. Additionally,
we are thankful for Reviewer #3’s insights into the importance of studying H2S as it relates to longevity. While
out of the scope of this paper, we thought we would mention that we currently have a lifespan study ongoing
with CGL WT and KO mice under Ad libitum and 35-45% DR started at 6 months of age. As expected, the WT
mice under DR have increased median and maximum lifespans, however, CGL KO mice fail to gain many of
the lifespan and healthspan extending benefits as the WT mice under DR.

C.3 Reviewer #3: In terms of experimental design, it’s curious as to why they chose a one-week dietary
restriction protocol to examine the changes to the sulfhydromes of various tissues. The impact of DR on many
parameters that impact health and longevity adapt more slowly to the effects of reduced calories. Collection of
tissues after two months of DR (a minimum standard in the aging field) would likely have shown a much more
dramatic and perhaps even a different picture than that obtained after one week. One other question not
adequately described in the methods is how was food intake measured (individual or groups of mice?). Five
grams of food per day is on the higher end. Many studies have indicated 3-4 grams of food are consumed per
day. What was the methionine and cysteine content of the diets? There are many studies indicating that reduced
methionine content of the diet extends health and lifespan. How do the authors address a 50% reduction in
methionine in this study?

Our response: We chose 1-week of 50% DR because we had previously shown it to be sufficient at enhancing
H2S production capacity in the liver and kidney and deriving stress resistance benefits in a CGL dependent
manner49. Thus, we hypothesized that this same amount and duration of DR would elicit changes in the
sulfhydrome.

In consideration to Reviewer #3’s comments, we agree 1 week of 50% DR tested in the young adult mice
is most likely not long enough to extend longevity nor represent a tool for probing resiliency and adaptation at
older ages. The impact of DR on longevity parameters sometimes arise more latently to the effects of reduced
calories and/or timed feeding. Previously, Zivanovic, et al. showed that persulfidation in rat brain and heart
tissues decreased with advanced age at 12-24 months, and that long-term daily 30% DR in mice between 2
months to 20 months of age rescued ageing-related persulfidation loss in the liver 44. However, studies
examining the effects of long-term daily DR on older humans are somewhat difficult to execute due to patient

50,51 . . .. R 52-56
adherence and need for medical oversight to ensure caloric intake guidelines are safely followed .
Given these limitations, the relatively implementable yet effective DR regimen of intermittent fasting has

: : . . ) : 57,58
gained substantial attention as an alternative method to continuous, chronic DR . There are several types

of intermittent fasting regimens, with every-other-day (EOD) fasting being one of the most popular 59‘60. In
EOD fasting, animals and/or participants abstain from food for a day (i.e., 24 hr) followed by food intake ad

libitum (AL) for the next 24 hr. This method is feasible in older adult humans 1, and in aged rodents augments
i 62-66 i i .. 63
lifespan and improves metabolic flexibility .

Therefore, we utilized late-life initiated EOD fasting for 2.5 months in 20 month old male C57BL/6 mice to
test if this more translatable form of DR is capable of altering tissue-specific sulfhydromes in aged subjects
(Figure 5A). Similar to our findings in young adult mice, EOD fasting augmented protein persulfidation in
liver (Figure 5B, Supplemental Figure 5A, Supplemental Table 16), kidney (Figure 5C, Supplemental Figure
5B, Supplemental Table 17), muscle (Figure 5D, Supplemental Figure 5C, Supplemental Table 18), and brain
(Figure 5E, Supplemental Figure 5D, Supplemental Table 19), while it decreased persulfidation in the heart
(Figure 5F, Supplemental Figure 5E, Supplemental Table 20). Overall numbers of persulfidated proteins
identified in each tissue from these aged mice were on the same order to what was found in the young adult
mice. While the shift in protein persulfidation enrichment under 2.5 months EOD fasting in aged mice for
kidney (Figure 5C) and muscle (Figure 5D) was not as robust as that found under 1-week 50% DR in young



adult mice, a greater number of proteins meeting the biological- and statistical-thresholds were found in the
EOD fasting group. Thus, despite being completely different forms and durations of DR, in addition to being
testing on mice of different ages and strain background/source, long-term EOD fasting and short term 50% DR

alter tissue-specific sulfhydromes in an analogous manner. Figure 5 has been copied below for ease of viewing
this new data:
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Figure 5: Late-life initiated Every Other Day (EOD) fasting for 2.5 months in aged mice transforms tissue-specific
sulfhydromes similar to short-term DR in young adult mice. (A) Graphical presentation of the overarching
experimental setup. 20-month old male C57BL/6 mice were placed on ad libitum (AL) or Every Other Day (EOD) fasting
for 2.5-months prior to tissue collection. Tissues were analyzed for protein persulfidation/sulfhydrome profiles via the
biotin thiol (BTA) assay. (B-F) Volcano plots showing differentially abundant persulfidated proteins in liver (B), kidney
(©), quadriceps muscle (D), whole brain (E), and heart (F) from AL fed (n = 5 mice/group) versus 2.5 months of EOD
fasting (n = 5 mice/group) 20-month old C57BL/6 male mice. The logz(Fold Change DR:AL) X-axis displays the average
fold change in spectral counts for each identified persulfidated protein while the —logio Y-axis displays the calculated p-
value when comparing the individual spectral count values for each identified persulfidated protein in a specific tissue
from AL versus EOD fed mice. The non-axial red dotted vertical lines highlight the biological significance threshold of
+/-2-fold change in spectral counts between EOD versus AL, while the non-axial red dotted horizontal line with asterisk
highlights our statistical significance threshold of p <0.05. The number of total persulfidated proteins identified in each
tissue are given next to the tissue name, while blue (AL enriched) and green (EOD enriched) colored dots and text
indicate persulfidated proteins reaching both biological- and statistical- thresholds. Gray color dots indicate persulfidated
proteins not reaching the criteria for both biological and statistical significance for enrichment under either diet. The
percentage and direction of proteins skewed toward one diet type is provided above the tissue label.



Additional comments and concerns by Reviewer #3 are related to the methods we utilized for dietary
restriction implementation, sulfur amino acid composition of the diet, and group housing of mice. We have
updated these in the materials and methods section with the goal of making them more clear and repeatable. We
have copied and highlighted the pertinent parts below:

“When mice were 6-months or 12-months old they were switched to the experimental AIN-93G-based diet
(Research Diets D10012G-2V-Formula 1) and exposed to ad libitum access for several days to adapt to the new food
and for monitoring intake. The experimental diet consists of 20% of calories from protein (casein-based containing
approximately 2.9% methionine and 0.4% cysteine, with additional L-cystine supplemented to a final 1.5 g/1,000 g
final diet composition by Research Diets, Inc.), 64% of calories from carbohydrate, and 16% calories from fat, and
importantly has 2x concentrations of mineral mix S10022G, vitamin mix V10037, and choline bitartrate to avoid
potential micronutrient malnutrition during 50% dietary restriction. The powdered food mix was added in a 1:1 ratio
(gram:mL) to a 2% agar (Sigma #A1296) solution in water before solidification to a semi-solid consistency that
lessens the potential for food hoarding in group housing and increases accuracy of food consumption measurement.
Ad libitum food intake per cage was measured daily for up to four days to determine the correct amount to restrict to
achieve 50% reduction in food intake. After randomly assigning ad libitum (AL) (n = 3-4/genotype/experiment) or
diet restriction (DR) (n = 3-5/genotype/experiment) feeding to the cages, food intake and body mass were measured
over the 1-week intervention. AL fed mice were provided 24-hour access to the diet and the DR mice fed their

calculated allotment near the start of their dark phase at 7pm to limit disturbances in circadian rhythms and feeding

patterns between the two groups 67’68.

For aged mice experiments testing every-other-day (EOD) fasting, male C57BL/6 mice were obtained
between 60-65 weeks of age (Stock No: 000664, Jackson Laboratories, Bar Harbor, ME) and group-housed (up to 5
same-sex mice per cage) in the Cleveland Clinic Lerner Research Institute Biological Resource Unit. The mice had
ad libitum (AL) access to standard rodent chow (18.6% protein, 44.2% carbohydrate, and 6.2% fat; Teklad Global
Rodent Diet #2918, Envigo, Madison, WI). At approximately 20 months of age, cages were randomly assigned to
either EOD fasting (n = 5) or AL access (n = 5) to the standard rodent chow. The EOD fasting regimen consisted of
repeated cycles of 24-hr consecutive removal of food access with water always available (fast day) followed by 24-
hr access to food and water (fed day). The EOD fasting intervention proceeded for 2.5 months. To circumvent
possible disturbances in circadian rhythms and feeding patterns in the Chow EOD group, the food was provided to or
removed from the Chow EOD group just prior to the dark cycle onset at 7pm.”

In regards to amount of food intake, the 5 gram totals are for our custom Research Diets, Inc lab-made
diets that we produce into a semi-solid agar, thus the wet weight of these diets is more than standard animal
facility dry food pellets, thus the reason for the increased weight of food intake.

C.4 Reviewer #3: The statistics for the H2S production and similar assays are reasonable. Our response: We
thank Reviewer #3 for their comment on the statistical analysis of the paper.

C.5 Reviewer #3: Minor: there are two files labeled Supplemental Table 1 — should be liver and table 2 should
be kidney. Our response: We thank Reviewer #3 for catching this typographical error. This has now
been corrected, along with re-formatting of all Tables into modifiable Excel documents instead of PDFs.
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REVIEWERS' COMMENTS

Reviewer #1 (Remarks to the Author):

The manuscript by Hine and colleagues has been much improved upon revision. | believe the study
will be a valuable resource for the H2S field. Most of my queries have been addressed
satisfactorily by the authors and some arguments made by the authors have also been taken.
Therefore, in the aspect of redox proteomics, | am pleased to recommend publication in Nat
Commun upon addressing the following concern and suggestion.

1. The literatures used to argue the validity of using SC approach were ‘old’ and, apparently, would
not be acknowledged by the current proteomic community. Since the authors are able to re-analyze
the RAW data with MS1-based approach using MaxQuant as described in the revised METHODS (I do
appreciate the hard work by the authors), | initially see NO excuse not to incorporate the new
analyses in the manuscript. However, | do realize that by doing so all bioinformatics and most
figures need to be re-done or re-made, which are absolutely not trivial works. | also understand that
such revisions may not change the major conclusions of this study. In this regard, it is not clear
whether the differentially regulated SSH proteins identified by these two approaches are mostly the
same, although side-by-side comparisons have been provided in the rebuttal letter (p7-9).

2. The term “sulfhydrome” should also be changed to “persulfidome”

Reviewer #2 (Remarks to the Author):

The authors have addressed the concerns and revisions adequately. | have no further comments.

Reviewer #3 (Remarks to the Author):

The authors adequately addressed the concerns raised in a thorough manner.



Response to Reviewers’ Comments NCOMMS-20-07544B

Dear Reviewers:

This document presents our full response to the Reviewers’ Comments for the manuscript titled “Dietary
restriction transforms the mammalian protein persulfidome in a tissue-specific and cystathionine y-lyase-
dependent manner” (NCOMMS-20-07544B) by Nazmin Bithi, Christopher Link, Yoko O. Henderson, Suzie Kim,
Jie Yang, Ling Li, Rui Wang, Belinda Willard, and Christopher Hine. We highly appreciate the feedback and
constructive criticism from all three Reviewers, and we are very thankful to the Reviewers for carefully reading our
manuscript. In this new revised manuscript, we have addressed to the best of our ability the biological, technical,
and/or semantic issues raised by each Reviewer in the manuscript and associated files.

(A) Response to Reviewer #1

d . .
2" Revision
A.1 Reviewer #1: The manuscript by Hine and colleagues has been much improved upon revision. | believe the
study will be a valuable resource for the H2S field. Most of my queries have been addressed satisfactorily by
the authors and some arguments made by the authors have also been taken. Therefore, in the aspect of redox
proteomics, | am pleased to recommend publication in Nat Commun upon addressing the following concern and
suggestion

Our response: We thank Reviewer #1 for providing constructive criticism and comments throughout the review
process and helping us improve out manuscript.

A.2 Reviewer #1: The literatures used to argue the validity of using SC approach were ‘old’ and, apparently,
would not be acknowledged by the current proteomic community. Since the authors are able to re-analyze the
RAW data with MS1-based approach using MaxQuant as described in the revised METHODS (I do appreciate
the hard work by the authors), | initially see NO excuse not to incorporate the new analyses in the manuscript.
However, | do realize that by doing so all bioinformatics and most figures need to be re-done or re-made, which
are absolutely not trivial works. I also understand that such revisions may not change the major conclusions of
this study. In this regard, it is not clear whether the differentially regulated SSH proteins identified by these two
approaches are mostly the same, although side-by-side comparisons have been provided in the rebuttal letter

(p7-9).

Our _response: We appreciate Reviewer 1’s comments and suggestions regarding the MS1-based analysis
approaches and their importance to be incorporated into the current study. Thus, we have now supplied all
MS1-based analysis in parallel with spectral counting analysis in which spectral counting was originally used.
This new presentation of MS1-based analysis is included in all Supplementary Data files as the second tab in
the Excel sheets (with the first tab containing the respective spectral counting data), and includes numerical data
as well as the corresponding graphs/plots (volcano plots, Venn diagrams, etc) so they can be easily understood
and compared to the spectral count data, which now also has the corresponding graphs/plots placed alongside
the numerical data in the Supplementary Data files. By doing so, we believe this has two benefits: 1) Readers
can now easily access data from both methods (spectral count based and MS-1 intensity based) and see how
their numerical data fits into the visual data, and 2) Comparisons between the two methods can be made with
similar outcomes observed, emphasizing the reported results in the narrative as robust and rigorously obtained.

In addition to now including all MS-1 data in the Supplemental Data files, we have also included a new figure
in the main manuscript (Figure 8l) that shows the mean +/- SEM plotted for % persulfidated protein enrichment
under DR compared to AL feeding from each solid tissue in CGL WT and KO mice as determined through
spectral counting and MS1 intensity. Importantly, this new figure shows similar results were obtained via MS1
intensity analysis compared to spectral counting analysis of persulfidated proteins from the five solid tissues.
Thus, both label-free quantification mass spectrometry analysis techniques utilized ultimately produced similar
results and highlighted the tissue specificity and dependence on CGL for transforming persulfidomes under DR.



We have also now included a statement introducing and outlining our use of spectral counting and MS1
intensity in the results section for Figure 2, which directs the readers on how to access either data sets in the
Supplemental Data files and to see the side-by-side comparisons in the Peer Review File.

A.3 Reviewer #1: The term “sulfhydrome” should also be changed to “persulfidome”

Our response: We have now replaced the term “sulfhydrome” both in the title and in the body of the manuscript
with the term “persulfidome”.

(B) Response to Reviewer #2

nd . .
2 Revision
B.1 Reviewer #2: The authors have addressed the concerns and revisions adequately. | have no
further comments.

Our response: We thank Reviewer #2 for their comments and for guiding us in improving our manuscript.

(C) Response to Reviewer #3

nd . .
2 Revision
C.1 Reviewer #3: The authors adequately addressed the concerns raised in a thorough manner.

Our response: We thank Reviewer #3 for their comments and for guiding us in improving our manuscript.



